Orbital pathology often presents a diagnostic challenge to the reporting radiologist. The aetiology is protean, and clinical input is therefore often necessary to narrow the differential diagnosis. With this manuscript, we provide a pictorial review of adult ocular and orbital pathology.
INTRODUCTION
The anatomical compartment involved by the pathological process together with the presence of pathognomonic imaging findings can often guide the radiological interpretation. In this pictorial review we classify ocular and orbital pathology in major etiological categories whilst attempting to highlight the characteristic imaging findings.
ANATOMY
The orbit is 'the cavity in the skull of a vertebrate that contains the eye; the eye socket' [1] . The volume of the adult human orbit is about 30cc, of which the eye occupies just 6.5cc [2] . The orbits are conical or four-sided pyramidal structures.
Seven facial bones namely the frontal, zygomatic, lacrimal, sphenoid, palatine, ethmoid and maxillary bones form the bony contours.
The optic foramen which leads to the optic canal lies at the nasal end of the superior orbital fissure. The optic canal leads to the middle cranial fossa and transmits the optic nerve and the ophthalmic artery. The superior orbital fissure lies between the lesser and greater wings of the sphenoid bone and transmits the ophthalmic nerve (Va), ophthalmic veins, oculomotor nerve (III), trochlear nerve (IV), abducent nerve (VI), sympathetic fibers and branches of the meningeal and lacrimal arteries [3] . The inferior orbital fissure lies where the floor meets the lateral wall of the orbit and connects the orbit to the pterygopalatine and infra-temporal fossae. Structures passing through the fissure include the infra-orbital and zygomatic branches of the maxillary nerve (Vb), the inferior ophthalmic vein and the orbital branches of the pterygopalatine ganglion. Medially one finds the groove for the nasolacrimal duct, which connects the lacrimal sac to the nasolacrimal opening in the inferior nasal meatus.
The soft tissue complex of the orbit is divided into five main groups; the orbital septum, the periorbita, the orbital fat, the extra-ocular muscles and the lacrimal system. The orbital septum has a mesodermal origin and is covered anteriorly by pre-septal orbicularis muscle. It is a thin structure formed by multi-layered fibrous tissue. The periorbita is essentially the periosteal lining of orbital walls, and is attached to the orbital fissures and foramina. The six extra ocular muscles arise from the annulus of Zinn and are responsible for the movements of the globe. The lacrimal gland lies in the shallow lacrimal fossa of the frontal bone at the supero-temporal portion of the orbit.
The orbital septum (also known as the palpebral ligament) represents a fibrous septum which extends from the bony margins of the orbital rim and blends with the tendon of levator palpebrae superioris and the tarsal plate in the upper and lower eyelids respectively. It also forms an important clinical boundary particularly in cases of orbital cellulitis. Involvement of the orbital structures anterior to the septum is referred to as peri-orbital cellulitis as opposed to orbital cellulitis where infection crosses the septum.
The extra-ocular muscles are arranged in a cone converging towards the optic canal. They divide the retroorbital space into intra-and extra-conal spaces referring to the space within the muscles and external to the muscles respectively. Hence the space within the orbit can be divided into 4 spaces namely the ocular, intra-conal, conal and extraconal spaces -such characterization is essential to narrow the differential diagnosis of ocular diseases. VASCULAR Vascular lesions account for 5-20% of orbital masses [4] . Much controversy exists regarding the nomenclature and classification of these lesions. The Orbital Society proposed a classification scheme based on hemodynamic flow within the lesion [5] . Another classification which takes account of the natural history, the growth pattern and histological features was proposed by Mulliken and Glowacki [6] . It classifies vascular lesions into the following groups: capillary haemangiomas, venous vascular malformations (cavernous malformations and orbital varices), venous lymphatic malformations (capillary, cavernous, and cystic lymphatic malformations), arterial and arterio-venous lesions (arteriovenous malformations, arterio-venous fistulas, and ophthalmic artery aneurysms), neoplasms (haemangioblastomas, haemangiopericytomas, choroidal haemangiomas, choroidal melanomas and vascular metastases), and miscellaneous (Coats disease) [7] .
Capillary hemangioma (figure 1) is the most common orbital vascular tumour of infancy, and has no known familial or hereditary association. There is a female predilection with a male-to-female ratio of 2:3[8]. Lesions may either present at birth or appear shortly after, and rapidly increase in size during the first year of life. A short period of stabilization follows and then lesion involution which may last up to 10 years is expected [6] . Most are extra-conal in location but they tend to cross tissue planes and may even extend intra-cranially through the optic canal or the superior orbital fissure [9] . Occasionally haemangiomas may involve the extra-ocular muscles and lacrimal glands [10] . Radiologic evaluation is required for diagnosis and therapy planning. Since haemangiomas lack a capsule they appear as lobulated, irregularly marginated masses on CT.
Intra-lesional calcifications are rare. In the proliferative phase haemangiomas are typically homogeneous and isodense to muscle. Intense, persistent and homogenous enhancement is appreciated after contrast administration. The lesion becomes more heterogeneous during the involution phase, and contrast enhancement is markedly reduced [11, 12] . Capillary haemangiomas demonstrate isointensity to muscle on T1W-images, and are moderately hyperintense on T2W-images. Similar enhancement characteristics as displayed on CT are also demonstrated in MRI. Lobules with thin dark fibrous septa, together with flow voids at the periphery of or within the tumour itself are considered characteristic imaging features [9] . Lesion vascularity and prominent feeding vessels are clearly depicted using MRA [11] . Conventional angiography is nowadays only performed when endovascular treatment is contemplated.
An orbital varix (figure 2) represents a distensible lowflow dilated vein or group of veins. The veins often maintain direct continuity with the systemic circulation and hence engorge whenever intracranial pressure rises. Imaging demonstrates tortuous tubular channels which taper towards the orbital apex and characteristically lack internal septations. Increase in size following Valsalva maneuver or jugular compression is considered pathognomonic [13] . Calcified phleboliths are also characteristic. Varices may appear inherently hyperdense on CT, and enhance profusely with contrast. The presence of prominent flow voids in MRI and tortuous anechoic tubular channels with low-velocity Doppler flow on US favor the diagnosis. Intracranial venous malformations are present in up to 10% of cases [14] , thus brain imaging is mandatory.
Intracranial arterio-venous malformations (figure 3) may extend directly into the orbit or merely cause secondary engorgement of the ophthalmic veins from the increased venous pressure and congestion of the draining veins [15] .
Orbital varices may also be secondary to caroticocavernous fistulae (figure 4) due to direct arterio-venous shunting. Carotico-cavernous fistulae (CCFs) may either occur spontaneously or follow trauma. Imaging characteristically demonstrates a distended ipsilateral superior ophthalmic vein and engorgement of the ipsilateral cavernous sinus [16] . Conventional angiography is still considered the gold standard investigation whilst offering the possibility of endovascular treatment. Treatment varies according to the etiology and velocity of flow across the fistula [17] .
(figure 6) often affects the choroid and retinal detachment may complicate the infection due to abundant exudate formation. The tuberculoma itself may mimic ocular lymphoma and choroidal melanoma [20] , thus correlation with the patient's clinical history is imperative.
Orbital pseudotumour (figure 7) often presents with unilateral painful exophthalmos. Pathologically it is a nongranulomatous inflammatory disorder of unknown etiology. Imaging features are protean, and often non-specific. The radiological appearance may mimic several orbital disorders and pseudotumour remains a diagnosis of exclusion [21] . Not uncommonly, it presents as an infiltrative mass which may either involve the orbit diffusely or else demonstrate differential involvement of anatomical structures including the extra-ocular muscles, the lacrimal glands or the retro-orbital fat. Contrast enhancement is variable. MRI shows higher specificity than CT and may demonstrate typical low T1-and T2-signal intensity in keeping with the fibrous nature of the condition [22] .
Optic neuritis (figure 8) has a multitude of causes [23] with multiple sclerosis being the commonest of these. Visual dysfunction is the presenting symptom in a third of cases, and ocular involvement occurs in up to 75% of patients throughout the course of the illness [24] . In the acute stage MR demonstrates diffuse swelling of the optic nerve with focal plaques of T2 hyperintensity [13] . Fat saturation techniques annul the high signal of the adjacent orbital fat resulting in improved sensitivity. Contrast enhancement is occasionally appreciated. Review of the entire scan may reveal additional areas of demyelination which further support the diagnosis.
ENDOCRINE
Although secondary involvement of the orbits can be attributed to a whole spectrum of endocrine disturbances, thyroid eye disease is by far the commonest culprit.
Thyroid orbitopathy (figure 9) often presents in middle aged women and may precede thyroid disease. The hormone status in affected individuals ranges from hypothyroidism to a hyperthyroid state (in the context of Graves' disease). The acute presentation simulates cellulitis and clinically demonstrates injection and chemosis [25] . Exacerbations and remissions often follow the index presentation over a course of years. Thyroid orbitopathy is an immune mediated process and often exhibits a characteristic sequence of extra-conal muscle involvement as expected by the mnemonic I'M SLO (inferior rectus, medial rectus, superior rectus, lateral rectus and oblique muscles respectively) [26] . In fact isolated involvement of the lateral rectus or oblique muscles should prompt the search for an alternative diagnosis [13] . Muscular involvement is often bilateral and symmetrical and typically spares the muscle tendons resulting in fusiform enlargement of the muscles -the so called 'Coca-Cola bottle' sign. Coronal planes are preferred in both CT and MRI as they clearly demonstrate differential muscular involvement [27] . Unlike orbital pseudotumour the orbital fat is initially spared and the muscle-fat boundary remains well defined. The fat may be involved in later stages by the inflammatory process and results in a 'dirty fat' appearance. Exophthalmos occurs as a result of both muscle enlargement and hypertrophy of the retro-orbital fat. 'Crowding' of the conal muscles at the apex may lead to venous congestion and compression of the optic nerve which may eventually lead to blindness. Imaging in thyroid eye disease is not only required as a diagnostic adjunct but also to monitor disease progression. Hyperparathyroidism (figure 10) is associated with characteristic coarse calcifications typically seen at the corneoscleral junction [28] . NEOPLASTIC Choroidal melanoma (figure 11) represents the most common primary ocular neoplasm in adults and account for 3.1% of all melanomas [29] . Melanin within the lesion shortens the T1 relaxation time and the lesion therefore exhibits high signal intensity on T1 and low signal intensity on T2 weighted images. Melanoma appears hyperdense on CT and moderate contrast enhancement is often appreciated.
Ocular metastasis is the commonest intraocular malignancy [30] and preferentially affects the vascular-rich choroid membrane. Differential diagnoses include choroidal hemangioma, choroidal nevus, and primary intraocular lymphoma [31] .
Imaging plays a crucial role in the evaluation of optic nerve neoplasms. Optic glioma (figure 12) may occur at any point along the optic tract. Histology and prognosis vary significantly according to the age at presentation. Pilocytic astrocytomas are childhood tumours which often follow an indolent course. In adults the neoplasms are higher grade astocytomas (WHO grade III and IV neoplasms) and are associated with a dismal prognosis [13] . Up to 20% of patients with an optic nerve glioma will eventually be diagnosed with neurofibromatosis. Bilateral involvement is virtually diagnostic of neurofibromatosis type 1 [32] . The neoplasm may be an incidental imaging finding, otherwise the patient may present with proptosis and disturbances of vision. Tubular or fusiform enlargement of the optic nerve is seen and 'kinking' of the nerve is characteristic. Widening of the optic canal may occur with intracanalicular extension of the neoplasm [33] . Enhancement is variable and reflects the pattern demonstrated by intracranial astrocytomas.
Optic nerve sheath meningioma (figure 13) has a slight female predilection and often presents in the fourth decade with retro-bulbar pain, and visual disturbances [34] . It is a benign tumour which accounts for up to 2% of intra-orbital neoplasms. Fusiform enlargement of the optic nerve sheath is seen on CT and MRI, and 'tram-track' enhancement along the sheath is characteristic [35] . CT findings reflect those of intracranial meningiomas with the tumour appearing hyperdense and psammomatous calcifications are present in up to half of the cases. Differential diagnoses include sarcoidosis, Wegener's granulomatosis, and metastatic infiltration [31] .
Lymphoma (figure 14) may involve any orbital compartment but the lacrimal glands are the commonest site involved. It presents with painless proptosis and visual disturbances and the mean age at presentation is 63 years. The orbit is usually involved secondarily as part of systemic nonHodgkin's lymphoma [36] . Lymphoma appears hyperdense on CT and is of low signal intensity on both T1 and T2 weighted MRI [31] . Avid enhancement occurs in the post contrast sequences. Lymphoma is a pliable tumour and characteristically crosses the compartmental boundaries. Bone erosion is not a feature.
Lacrimal gland neoplasms often present with exophthalmos, ptosis and diplopia. Adenoid cystic carcinoma (figure 15) is the commonest lacrimal gland malignancy [37] and often presents in the fourth decade. The tumour is irregularly marginated and may cause erosion of the adjacent bone. On MRI it displays a heterogeneous signal, and moderate to strong contrast enhancement is appreciated. Benign lesions include benign mixed tumours (BMT), pleomorphic adenomas, lacrimal cysts (figure 16) and dermoids. Differentiation from malignant lesions is not straightforward and biopsy is often needed to confirm the diagnosis.
Basal cell (figure 17) and squamous cell carcinomas are the commonest cutaneous lesions [38] that involve the orbit and often occur in the region of the medial canthus.
Metastases commonly involve the orbit. Breast and renal cell carcinomas (figure 18) are the commonest primary malignancies in adulthood whereas neuroblastoma metastasis (figure 19) is responsible for the majority of pediatric cases.
PARANASAL SINUSES Secondary orbital involvement from paranasal sinus disease is not uncommon. Post-septal cellulitis can complicate aggressive paranasal sinus infections [39] and often reflects breach of the bony orbital contour. Mucoceles (figure 20) and inverted papillomas [40] may also project into the orbital cavity, and should be included in the differential diagnosis of extra-conal etiologies especially in patients with a history of atopia.
BONE
As previously discussed in the anatomy section, the orbital cavity is a complex bony structure and hence any osseous pathology may affect the orbital contours and even project into the cavity. Fibrous dysplasia (figure 21) typically causes bone expansion with a characteristic ground glass matrix resulting in deformity of the orbital cone. The condition therefore affects the extra-conal compartment and often presents with unilateral (or less commonly bilateral) exophthalmos.
Hyperostosis associated with sphenoid wing meningiomas (figure 22) can present in a similar fashion. Dysplasia of the greater wing of the sphenoid seen with neurofibromatosis type-1 (figure 23) also results in orbital deformity [41] . TRAUMA Injuries to the globe may be penetrating [42] (figure 24 and figure 25) or non-penetrating (figures 26 and 27) in nature. Orbital injury includes a whole spectrum of fracture patterns. The 'blow-out' type of fracture (figure 28) is caused by a sudden increase in intra-orbital pressure which forces the intraorbital fat inferiorly through the roof of the maxillary sinus.
Foreign bodies are a common occurrence in everyday radiological practice. Management depends on the affected compartment (figure 29), and the mechanism of injury [43] . Previous ocular injury may result in a scarred non-functional globe also known as phthisis bulbi (figure 30). Imaging findings include curvilinear choroido-scleral calcifications and clumps of dystrophic calcifications within the vitreous humor.
IATROGENIC / CONGENITAL Prosthetic implants (figure 31), deformity resulting from exenteration (figure 32) and changes related to previous cataract surgery (figure 33) could present interpretation confounds unless a previous surgical history is available. Congenital ocular malformations including optic disc drusen (figure 34), coloboma (figure 35) and staphyloma (figure 36) are occasional incidental imaging findings in adults. CONCLUSION Sound anatomical knowledge is imperative when dealing with orbital and ocular pathology. The orbital compartment primarily involved needs to be identified and clinical input is often necessary to further narrow the differential diagnosis. Biopsy is nonetheless required in some instances when clinical and radiological findings are equivocal.
The etiology of orbital pathology is protean and therefore clinical input is often necessary to narrow the differential diagnosis. In this pictorial review we classify ocular and orbital pathology in major etiological categories whilst attempting to highlight characteristic imaging findings. Characteristic coarse calcifications typically seen at the corneo-scleral junction. High T1 signal intensity and low T2 signal intensity (due to presence of melanin).
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Optic nerve glioma
Widening of the optic canal may be seen. Irregularly marginated neoplasm which may cause erosion of the adjacent bone.
Displays a heterogeneous signal, with moderate to strong contrast enhancement.
Lacrimal gland cyst
Well defined cyst related to the lacrimal gland, containing fluid with water density.
Well defined cyst related to the lacrimal gland, containing fluid which follows the signal intensity of water.
Basal cell carcinoma
Cutaneous lesions, with variable invasion and contrast enhancement.
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Renal cell metastasis Secondary deposits may involve the globe, orbit and intracranial compartments.
Secondary deposits may involve the globe, orbit and intracranial compartments.
Neuroblastoma metastasis
Secondary deposits may involve the globe, orbit and intracranial compartments. Dysplasia of the greater wing of the sphenoid results in orbital deformity.
Dysplasia of the greater wing of the sphenoid results in orbital deformity. 
